ABSTRACT. By a result of Moonen, there are exactly 20 positive-dimensional families of cyclic covers of the projective line for which the Torelli image is open and dense in the associated Shimura variety. For each of these, we compute the Newton polygons, and the µ-ordinary Ekedahl-Oort type, occurring in the characteristic p reduction of the Shimura variety and investigate which among them appear on the open Torelli locus. As an application, we produce multiple new examples of Newton polygons and Ekedahl-Oort types of Jacobians of smooth curves in characteristic p. Under certain congruence conditions on p, these include: the supersingular Newton polygon for genus 5, 6, 7; fourteen new nonsupersingular Newton polygons for genus 5 − 7; eleven new Ekedahl-Oort types for genus 4 − 7 and, for all g ≥ 6, the Newton polygon with p-rank g − 6 with slopes 1/6 and 5/6.
INTRODUCTION
A fundamental problem in arithmetic geometry is to determine which abelian varieties arise as Jacobians of (smooth) curves. This question is equivalent to studying (the interior of) the Torelli locus in certain Siegel varieties. For g = 1, 2, 3, the Torelli locus is open and dense in the moduli space A g of principally polarized abelian varieties of dimension g. For any family T of cyclic covers of the projective line, Deligne and Mostow construct the smallest PEL-type Shimura variety containing the image of T under the Torelli morphism [6] . In [21], Moonen shows that there are precisely twenty positive-dimensional families of cyclic covers of P 1 for which the image of T under the Torelli morphism is open and dense in the associated Shimura variety; these families are called special.
In positive characteristic p, the p-rank, Newton polygon, and Ekedahl-Oort type are discrete invariants of an abelian variety. It is a natural question to ask which of these invariants can be realized by the Jacobian of a smooth curve. As each discrete invariant yields a stratification of the reduction modulo p of the Siegel variety, this question is equivalent to understanding which strata intersects the interior of the Torelli locus.
Ultimately, the goal is to understand the geometry of the induced stratifications of the Torelli locus (e.g., the connected components of each stratum and their closures), in the same way that the geometry of these stratifications is understood for Siegel varieties. For example, for any prime p, genus g and integer f such that 0 ≤ f ≤ g, Faber and van der Geer prove in [8] that the p-rank f stratum is non-empty and has the expected codimension g − f in the moduli space M g of curves of genus g. See also [1] , [2] , and [11] .
Beyond genus 3, much less is known about the Newton polygon, more precisely the Newton polygon of the characteristic polynomial of Frobenius. In [22, Expectation 8.5.4] , for g ≥ 9, using a dimension count, Oort observed that the interior of the Torelli locus is unlikely to intersect the supersingular locus or other Newton polygon stratum of high codimension in A g . This suggests that it is unlikely for all Newton polygons to occur for Jacobians of smooth curves for each prime p.
In our earlier work [18] , we studied Newton polygons of cyclic covers of the projective line branched at 3 points. In this case, the Jacobian is an abelian variety with complex multiplication and its Newton polygon can be computed using the Shimura-Taniyama theorem. We used this to find several new Newton polygons having p-rank 0 which occur for Jacobians of smooth curves.
The Newton polygon stratification of PEL-type Shimura varieties is well understood by the work of Viehmann and Wedhorn [31] , based on earlier work of Kottwitz, Rapoport, and Richartz [14] , [15] , [17] , [25] . In this paper, we demonstrate this theory by determining all the Newton polygons of Jacobians that occur for the 20 special families of cyclic covers from Moonen's paper [21] . Furthermore, using [20] , we compute the µ-ordinary mod p Dieudonné modules (e.g., Ekedahl-Oort types)for the 20 special families.
We then investigate which Newton polygons and Dieudonné modules on these lists arise for a smooth curve in the family. We conclude affirmatively in three distinct cases: (i) for the µ-ordinary Newton polygon and Dieudonné module, Proposition 5.1; (ii) for any PEL-indecomposable Newton polygon, Proposition 5.3; and (iii) for the Newton polygon of the closed stratum (called the basic Newton polygon) if the family has dimension 1 and if p is sufficiently large, Proposition 5.6.
For (iii), we refer to Theorem 8.1 in the Appendix, where we prove, under some restrictions on the prime p, that the number of geometrically irreducible components of the basic locus at p of certain unitary Shimura variety grows to infinity with p. More precisely, Theorem 8.1 holds for unitary Shimura varieties of signature (1, n − 1) at one real place and definite signature at all other real places. In particular, our results hold for the simple Shimura varieties considered by Harris-Taylor in [12] . Earlier instances of such a statement are due to Vollaard [32] , and Vollaard-Wedhorn [33] who prove a similar result under the further assumption that the implicit CM field defining the unitary group is quadratic-imaginary, and to Liu-Tian-Xiao-Zhang-Zhu [19] at primes which are totally split in the CM field. Here, we only exclude the case of primes which are inert in the quadratic imaginary extension for n even. We regard Theorem 8.1 to be of independent interest.
These three results together with the calculations for the special families yield numerous new examples of Newton polygons and mod p Dieudonné modules that occur for Jacobians of smooth curves of low genera under congruence conditions on p. Specifically, it yields the following four applications.
First, we verify the existence of supersingular curves of genus 5 − 7 for primes satisfying certain congruence conditions. See [18, Theorem 1.1] for a complementary result.
Theorem 1.1 (See Theorem 7.1).
There exists a smooth supersingular curve of genus g defined over F p for all sufficiently large primes satisfying the given congruence condition: g = 5 when p ≡ 7 mod 8; g = 6 when p ≡ 3, 5, 6 mod 7; and g = 7 when p ≡ 2 mod 3.
The second application is in Theorems 7.3 and 7.4: under certain congruence conditions on p, we verify that 14 new non-supersingular Newton polygons and 11 new Dieudonné modules occur for Jacobians of smooth curves of genus 4 − 7.
Every abelian variety is isogenous to a factor of a Jacobian. Thus every λ ∈ [0, 1] ∩ Q occurs as a slope for the Newton polygon of the Jacobian of a smooth curve. Usually, however, there is no control over the other slopes. In the third application, for p ≡ 2, 4 mod 7 and g ≥ 6, we show that the slopes 1/6 and 5/6 occur for a smooth curve of genus g defined over F p with the other slopes of the Newton polygon all 0 and 1, Theorem 7.5.
As a final application, we consider one non-special family of curves in Section 7.2. Consider a prime m ≡ 3 mod 4 (with m = 3) and a prime p which is a quadratic non-residue modulo m. In Theorem 7.8, we find smooth curves of genus g m = (m − 5)(m − 1)/4 defined over F p whose Newton polygon only has slopes 0, 1/2, and 1 and such that the multiplicity of the slope 1/2 is at least 2 √ g m .
In future work, we solve questions about Newton polygons for curves of arbitrarily large genera using a new induction argument for Newton polygons of cyclic covers of P 1 . We use the Newton polygons from this paper as base cases in that induction process.
Organization of the paper.
Section 2 recalls basic definitions and facts about group algebras, families of cyclic covers of P 1 , Newton polygons, and mod p Dieudonné modules.
Section 3 contains information about Shimura varieties and positive-dimensional special families of cyclic covers of the projective line.
In Section 4, we study the Newton polygon stratification of PEL-type Shimura varieties. We demonstrate the general theory by computing the Newton polygons for several prototypical examples from [21] in Section 4.4. In Section 4.5, we determine the µ-ordinary Dieudonné modules (Ekedahl-Oort types) for the special families.
Section 5 discusses which Newton polygon strata intersect the smooth Torelli locus. Section 6 contains tables of data, including the Newton polygons and the µ-ordinary Dieudonné modules for each of the twenty special families of cyclic covers from [21] .
Section 7 contains the proofs of the main theorems.
In the appendix, we compute a lower bound for the number of irreducible components of the basic locus of simple Shimura varieties.
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For all n ∈ Z/mZ, and a ∈ Q[µ m ], τ −n (a) = τ n (a * ). We write τ * n := τ −n . For τ = τ n ∈ T , the order of τ is the order of n in Z/mZ. The homomorphism τ : 
Hence, there is a natural action of σ on T , defined by τ → τ σ := σ • τ. Note that τ σ n = τ pn for all n ∈ Z/mZ. For each σ-orbit o ⊆ T , the order of τ is the same for all τ ∈ o. We write d o for the order of τ ∈ o.
Let O be the set of σ-orbits o in T . 
The function x on C yields a map C → P 1 U and there is a µ m -action on C over U given by ζ · (x, y) = (x, ζ · y) for all ζ ∈ µ m . Thus C → P 1 U is a µ m -Galois cover. For t ∈ U, the cover C t → P 1 is a µ m -Galois cover, branched at N points t(1), . . . , t(N) in P 1 , and with local monodromy a(i) at t(i). By the hypotheses on the monodromy datum, the fibers of C → U are geometrically irreducible curves of genus g, where
Let M g denote the moduli space of smooth projective curves of genus g, and let A g denote the Siegel moduli space of principally polarized abelian varieties of dimension g. Fix t ∈ U and let V be the first Betti cohomology group H 1 (C t (C), Q). Then V has a Hodge structure of type (1, 0) + (0, 1) with the (1, 0) piece given by
Then V, V + , and V − are Q[µ m ]-modules and there are decompositions
The dimension f(τ n ) is independent of the choice of t ∈ U. The signature type of the monodromy datum (m, N, a) is
The value g(τ) is constant on the σ-orbit of τ, so we sometimes write g(o) = g(τ) for τ ∈ o.
Newton polygons.
Let X denote a g-dimensional abelian scheme over an algebraically closed field F of positive characteristic p (e.g., X = X x , where X is the universal abelian scheme on A g , and x ∈ A g (F)). Let W(F) denote the Witt vector ring of F. Consider the action of Frobenius on the crystalline cohomology group H 1 cris (X/W(F)). The Newton polygon ν(X) of X (or equivalently, of the p-divisible group X[p ∞ ]) is defined as the multi-set of rational numbers λ (called the slopes) which are the normalized valuations at p of the eigenvalues of Frobenius for this action.
The p-rank of X is the multiplicity of the slope 0 in ν(X); it equals dim F p Hom(µ p , X). 1 We use the same notation for the moduli spaces over Z. When we talk about universal families on the stacks, it means that we pass to a suitable level structure for such universal objects to exist.
If A is an abelian variety or p-divisible group defined over a local field of mixed characteristic (0, p), we write ν(A) for the Newton polygon of its special fiber.
The Newton polygon is typically drawn as a lower convex polygon, with slopes equal to the values of λ occurring with multiplicity (c + d)m λ , where m λ denotes the multiplicity of λ in the multi-set, and c, d ∈ N are relatively prime integers such that λ = c/(c + d). The Newton polygon of a g-dimensional abelian variety X is symmetric, with endpoints (0, 0) and (2g, g), integral break points, and with slopes in Q ∩ [0, 1] .
Let ord denote the Newton polygon {0, 1} and ss denote the Newton polygon {1/2, 1/2}. For s, t ∈ N, with s < t and gcd(s, t) = 1, let (s/t, (t − s)/t) denote the Newton polygon with slopes s/t and (t − s)/t, each with multiplicity t.
We denote the union of multi-sets by ⊕, and for any multi-set ν, and n ∈ N, we write ν n for ν ⊕ · · · ⊕ ν, n-times. For convex polygons, we write ν 1 ≥ ν 2 if ν 1 , ν 2 share the same endpoints and ν 1 lies below ν 2 . Under this convention, the ordinary Newton polygon is maximal and the supersingular Newton polygon is minimal.
Dieudonné modules modulo p and Ekedahl-Oort types.
The p-torsion X[p] of X is a symmetric BT 1 -group scheme (of rank 2g) annihilated by
, where α p is the kernel of Frobenius on G a .
Let E denote the non-commutative ring generated by F and V with FV = VF = 0. The mod p Dieudonné module of X is an E-module of finite dimension (2g). Over an algebraically closed field F of characteristic p, there is an equivalence of categories between finite commutative group schemes of rank 2g annihilated by p and E-modules of dimension 2g. These can equivalently be classified by Ekedahl-Oort types.
Let E(w) denote the left ideal of E generated by w. The mod p Dieudonné module for an ordinary elliptic curve is L := E/E(F, V − 1) ⊕ E/E(V, F − 1); for a supersingular elliptic curve, it is N 1,1 := E/E(F − V).
SHIMURA VARIETIES
Let (m, N, a) be a monodromy datum with N ≥ 4, and f the associated signature type given by (2.4). In [6] Deligne and Mostow construct the smallest PEL-type Shimura variety containing Z(m, N, a), which we will denote by Sh(µ m , f). In this section, we recall the basic setting for PEL-type Shimura varieties, and the construction of [6] . We follow [21].
3.1. Shimura datum for the moduli space of abelian varieties.
Let V = Q 2g , and let Ψ : V × V → Q denote the standard symplectic form.
2 Let G := GSp(V, Ψ) denote the group of symplectic similitudes. Let h denote the space of homomorphisms h : S = Res C/R G m → G R which define a Hodge structure of type (-1,0)+(0,-1) on V Z such that ±(2πi)Ψ is a polarization on V. The pair (G, h) is the Shimura datum for A g . 
Shimura data of PEL-type.
Now we focus on Shimura data of PEL-type. Let B be a semisimple Q-algebra, together with an involution * . Suppose there is an action of
We assume that h H B = ∅.
For each Each homomorphism h ∈ Y B defines a decomposition of B C -modules
where V + (respectively, V − ) is the subspace of V C on which h(z) acts by z (respectively, byz). The isomorphism class of the B C -module V + depends only on Y B . Moreover, Y B is determined by the isomorphism class of V + . In the following, we prescribe Y B in terms of the B C -module V + . By construction, dim C V + = g.
Shimura subvariety attached to a monodromy datum.
We consider cyclic covers of the projective line branched at more than three points; fix a monodromy datum (m, 
where ψ θ denotes the Riemannian form on H 1 (J x , Q) corresponding to the polarization θ. Via α, the Q[µ m ]-action on J x induces an action on V. This action satisfies
The isomorphism class of V + as a Q[µ m ] ⊗ Q C-module is determined by and determines the signature type {f(τ)
corresponds to the isomorphism class of V + with f given by (2.4). From now on, since
depends only on µ m and f, we denote it by Sh(µ m , f).
The irreducible component of Sh(µ m , f) containing Z is the largest closed, reduced and irreducible substack S of A g containing Z such that the action of Z[µ m ] on J extends to the universal abelian scheme over S. To emphasis the dependence on the monodromy datum, we denote this irreducible substack by S(m, N, a).
NEWTON POLYGONS FOR SPECIAL SHIMURA VARIETIES
In this section, we determine the Newton polygons and the µ-ordinary Dieudonné modules that occur for the special families of [21, Table 1 ]. We refer to [18, Section 3] for a review of the Shimura-Taniyama method for computing the Newton polygon of a cyclic cover of the projective line branched at exactly three points.
Newton polygon stratification for PEL-type Shimura varieties.
We recall some of the key results about the Newton polygon stratification for PEL-type Shimura varieties at unramified primes of good reduction from [31] . Similar results are now known for abelian-type Shimura varieties by [27] and we refer to [13] for a survey of previous work.
Let (H, h) denote a Shimura datum of PEL-type, with H connected. Assume p is an unramified prime of good reduction for (H, h), then the Shimura variety Sh(H, h) has a smooth canonical integral model at p, and we denote by Sh(H, h) F p its special fiber (base changed to F p ). 3 For the Shimura data introduced in Section 3.3, H is always connected and p is an unramified prime of good reduction if p ∤ m.
There exists a p-adic cocharacter µ = µ h which factors through H(Q p ) and is conjugate by an element in H to the Hodge cocharacter induced by h. Given the local datum (H Q p , µ), in [15, §5] and [17, §6], Kottwitz introduced a partially ordered set B(H Q p , µ), and showed that B(H Q p , µ) has a canonical maximal element (called the µ-ordinary element) and a minimal one (called basic). For the Shimura datum (G = GSp(V, Ψ), h) as in Section 3.1, the set B(G Q p , µ) is canonically isomorphic (as a partially ordered set) to the set of all symmetric convex polygons, with endpoints (0, 0) and (2g, g), integral breakpoints, and slopes in Q ∩ [0, 1] (see [14, §4] ). Under this identification, the µ-ordinary and basic elements are respectively the ordinary and supersingular Newton polygons.
Furthermore, for a Shimura
For any b ∈ B(H Q p , µ), consider the Newton polygon stratum 
By Theorem 4.1, ν(B(µ m , f)) is the set of Newton polygons appearing on the irreducible component S = S(m, N, a).
We refer to the images under ν of the µ-ordinary and basic elements of B(µ m , f) respectively as the µ-ordinary and basic Newton polygons.
The µ-ordinary Newton polygon.
For a PEL-type Shimura variety, Moonen [20] explicitly computes the slopes of the µ-ordinary Newton polygon at an unramified prime of good reduction in terms of the signature type. Here, for convenience, we recall the formula in the case of the Shimura variety Sh(µ m , f), following [7, §2.8] .
Recall from Sections 2.1-2.2 that σ is the Frobenius action on T = Hom(Q[µ m ], C) and O is the set of σ-orbits in T . The signature type f is given by (2.4). For τ ∈ T , recall that f(τ) is the dimension of the eigenspace of V + for τ under the µ m -action.
For
For convenience, we also write
Proposition 4.3. The µ-ordinary Newton polygon for Sh(H, h) is given by
and, for each integer t such that 0 ≤ t ≤ s(o), the slope 
A similar calculation applies for orbits with #o = 2 that are not self-dual, again showing that µ(o) has slopes in {0, 1/2, 1}. Hence, we focus on the orbits of length > 2 when computing the µ-ordinary Newton polygon. As above, p is a rational prime such that p ∤ m. We now give an explicit description of the set ν(B(µ m , f)) of Newton polygons from Definition 4.2. Let M be the (contravariant) Dieudonné module of an abelian variety X = X x for any
There is an analogous decomposition of Dieudonné modules condition (D): [19] where m = 9 is not a prime.
Set O ′ = O − {{τ 0 }}; from now on, o ∈ O ′ . The Newton polygon for X is given by ⊕ o∈O ′ ν(o). In the following two examples, since non-symmetric Newton polygons arise, we use different notation from §2. (1) If p ≡ 2, 4 mod 7, then #o = 3 and #O = 2. In this case, O = {o 1 , o 2 }, where Fix o ∈ O and t ∈ {0, . . . , s(o)}. We define the E-module:
Then N t (o) arises as the mod p-reduction of an isoclinic Dieudonné module of slope λ(t).
The reduction modulo p of the µ-ordinary Dieudonné module of Sh(H, h)
This agrees with the formula in [20, §1.2.3]: note that Moonen defines an E-module for
, then the E-modules have the same structure, which determines the multiplicity of each factor N t (o) in (4.3).
Recall from Section 2.4 that L denotes the E-module of an ordinary elliptic curve, and N 1,1 that of a supersingular elliptic curve.
Note that Example 4.9 is not automatic from Example 4.5 since several Dieudonné modules can occur with Newton polygon ss f 2 − f 1 ; the one in Example 4.9 has a-number f 2 − f 1 ; it decomposes into dimension 2 subspaces stable under F and V.
Proof. If f 1 = 0, f 2 , then by the computation in Example 4.5 and (4.3) N 0 (o) is generated by e τ , e τ σ with F = 1 and V = 0; N 2 (o) is generated by e τ , e τ σ with V = 1 and F = 0;
and N 1 (o) is generated by e τ , e τ σ with F(e τ ) = V(e τ ) = e τ σ and F(e τ σ ) = V(e τ σ ) = 0. A similar calculation works when
A similar calculation applies for all orbits with #o = 2. Hence, we focus on orbits of length > 2 when computing the µ-ordinary mod p Dieudonné module. where m = 7. The signature is (1, 2, 0, 2, 0, 1) and g(τ) = 2.
(1) If p ≡ 2, 4 mod 7, then the p-rank is 3, and the local-local part of N o has 6 generators with action of F and V given by: [19] where m = 9. The signature is (1, 2, 0, 2, 0, 1, 0, 1) and g(τ 1 ) = 2 and g(τ 3 ) = 1.
( Then 1, 2, 2, 3, 4 ]. In total, N o has 3 generators, thus a-number 3.
(2) If p ≡ 4, 7 mod 9, there are four orbits. We check that:
One interesting feature is that the Newton polygon (1/3, 2/3) 2 matches with two different Dieudonné modules in Examples 4.10(2) and 4.11(2).
NEWTON POLYGONS OF SMOOTH CURVES
Let (m, N, a) be a monodromy datum for one of the twenty special families from [21, Table 1 ]. We call such (m, N, a) a special monodromy datum. Fix a prime p with p ∤ m.
For a Newton polygon ν ∈ ν(B(µ m , f)), one can ask whether ν occurs as the Newton polygon of the Jacobian of a smooth curve in the family Z(m, N, a) ⊂ A g . In general, this is a subtle and difficult question. In this section, we provide an answer in three complementary settings.
Throughout this section, we let Z 0 (m, N, a) denote the image of j (m, N, a) , which is the locus of the Jacobians of smooth curves in Z(m, N, a) . When there is no risk of confusion, we write Z and Z 0 for Z(m, N, a) and Z 0 (m, N, a) respectively. 
PEL-indecomposable Newton polygons.
Suppose C is a curve of compact type. If an indecomposable Newton polygon (e.g., G 1,5 ⊕ G 5,1 ) occurs as the Newton polygon of the Jacobian of C, then C is necessarily smooth. The next statement is a refinement of that observation for curves which are µ mGalois covers of the projective line.
Let α 1 , α 2 be a degeneration of compact type of the inertia type a. For i = 1, 2, we write (m, N i , α i ) for the corresponding monodromy datum (see Remark 5.4 for details) and Z i := Z(m, N i , α i ) ⊂ A g i for the associated family of cyclic covers of P 1 . Under our assumptions, g 1 + g 2 = g and we define ⊕ :
Consider Sh(µ m , f i ) the smallest PEL-type Shimura stack containing Z i (as introduced in Section 3.3). It follows from the definitions that ⊕ (Sh( f 2 ) ), for some partition f = f 1 + f 2 arising from a degeneration of compact type of the inertia type a.
Proposition 5.3. For a special monodromy datum (m, N, a), and a prime p with p ∤ m, if ν ∈ ν(B(µ m , f)) is not PEL-decomposable, then ν occurs as the Newton polygon of the Jacobian of a smooth curve in Z(m, N, a).
Proof. By Definition 2.1, Z(m, N, a) is the closure in A g of the image of j (m, N, a) . Thus all stable curves occuring in Z are of compact type; if such a curve is not smooth, then the Newton polygon of its Jacobian is PEL-decomposable by definition. Z(m, N, a) . Then η occurs as the Newton polygon of the Jacobian of a singular curve Y. The curve Y has compact type since its Jacobian is an abelian variety. It is a cyclic cover ψ of a curve of genus 0; this can be viewed as the join of two cyclic covers ψ 1 : Y 1 → X 1 and ψ 2 : Y 2 → X 2 , where the curves are clutched together in ordinary double points.
Remark 5.4. We explain how to compute the PEL-decomposable Newton polygons. Suppose η is a PEL-decomposable Newton polygon at a point in
Information about the boundary of the Hurwitz space of cyclic covers of P 1 implies that ψ is admissible. This means that the inertia type a degenerates to two inertia types α 1 and α 2 such that N 1 + N 2 = N + 2 and the last local monodromy generator of α 1 and the first local monodromy generator of α 2 are additive inverses modulo m. Since Y is connected, either Y 1 or Y 2 is connected. If one of the covers is not connected, say Y 2 has r components, then ψ 2 is induced from a µ m/r -Galois cover.
We compute all PEL-decomposable Newton polygons, for families M [15 − 20] from [21, Table 1 ]; the data can be found in Lemma 6.4. The computations are similar in all cases, so we give complete details only for M [15] .
Example 5.5. For line M [15] where m = 8, N = 4, and a = (2, 4, 5, 5) ; the signature is f = (1, 1, 0, 0, 2, 0, 1) . There are two admissible degenerations of compact type of a:
The corresponding partitions of the signature f are respectively: 1, 0, 0, 1, 0, 1) . Thus, for each non-trivial congruence class of p mod 8, there are at most two PEL-decomposable Newton polygons η, η ′ . We compute η, η ′ using the Kottwitz method.
(
1,1 . We deduce that the following basic Newton polygons are not PEL-decomposable and thus occur as the Newton polygon of the Jacobian of a smooth curve in Z 0 (8, 4, a):
Basic Newton polygons.
Consider a special monodromy datum (m, N, a) , and a prime p with p ∤ m, such that the set ν (B(µ m , f) ) contains exactly two Newton polygons, namely the µ-ordinary polygon ν o and the basic polygon ν b . In other words, assume that the closed (basic) Newton stratum has codimension 1. Note that this condition depends on p, as seen in the tables. For the special families of [21, Table 1 Z(m, N, a) .
The key input of the proof is that the number of irreducible components of the basic locus in the mod p reduction of a simple unitary Shimura variety is unbounded as p goes to ∞. We prove this statement in Theorem 8.1 in the appendix.
Proof. For N = 4 (dimension 1), the set ν(B(µ m , f)) contains exactly two Newton polygons for any prime p ∤ m. We argue by contradiction; let us assume that the basic Newton stratum Z p (ν b ) is contained in the mod p fiber ∂Z p of the boundary ∂Z := Z − Z 0 . Since the closed substack Z p (ν b ) has codimension 1 in Z p , if Z p (ν b ) ⊂ ∂Z p , then it is equal to a union of irreducible components of ∂Z p , which represent the singular curves in the family. On one hand, the number of irreducible components of the mod p fiber ∂Z p has an natural upper bound which is independent of p.
On the other hand, the number of irreducible components of the basic Newton stratum of the mod p reduction of any irreducible component of the unitary Shimura variety attached to the special monodromy datum (m, 
TABLES
The following tables contain all the Newton polygons and the µ-ordinary Dieudonné modules which occur for the cyclic covers of the projective line arising from the special families of Moonen. The label M[r] denotes the rth label in [21, Table 1 ]. We organize the tables for M [1] − M [20] by the value of m starting with the ones with φ(m) = 1, 2. Notation 6.1. The degree of the cover is m, the inertia type is a = (a 1 , . . . , a N ) , the signature is f = ( f (1), . . . , f (m − 1)). The prime orbits are denoted by O. Notation 6.2. Let ord = {0, 1} (resp. ss = {1/2, 1/2}) be the ordinary (resp. supersingular) Newton polygon. For s, t ∈ N, with s < t and gcd(s, t) = 1, let (s/t, (t − s)/t) denote the Newton polygon with slopes s/t and (t − s)/t, each occuring with multiplicity t. Notation 6.3. As in Section 2.4, let E denote the non-commutative ring generated by F and V with FV = VF = 0. Let EO-type stand for Ekedahl-Oort type. Define: = (1, 1, 1, 1 ), f = (1), and ord and ss occur. Line  M[2] has a = (1, 1, 1, 1, 1, 1) , f = (2), and ord 2 , ord ⊕ ss, and ss 2 occur.
(1, 1, 2, 2) (1, 1) ord 2 ord 2 ss 2 ss 2 M [6] (1, 1, 1, 1, 2) (2, 1) ord 3 ord 2 ⊕ ss ord ⊕ ss 2 ss 3 (1/3, 2/3) M [10] (1, 1, 1, 1, 1, 1) (3, 1) ord
(1, 2, 2, 3) (1, 0, 1) ord 2 ord 2 ss 2 ss 2 M [7] (1,
(2,3,3,4) (1,0,0,0,1) ord 2 ord 2 M [5] ss 2 ss 2 (1,3,4,4) (1,1,0,0,1) ord 3 ord 2 ⊕ ss M [9] ord ⊕ ss 2 ss 3 (1,1,1,3) (2,1,1,0,0) ord 4 ord ⊕ ss 3 M [12] ord 3 ⊕ ss ss 4 (1,1,2,2) (2,1,0,1,0) ord 4 ord 2 ⊕ ss 2 M [13] ord 2 ⊕ ss 2 ss 4 (2,2,2,3,3) (2,0,0,1,1) ord 4 ord 2 ⊕ ss 2 M [14] ord 2 ⊕ ss 2 ss 4 ord ⊕ (1/3, 2/3) 
(2), (4), (6) (3, 5), (4) (2,4,5,5) (1,1,0,0,2,0,1) ord 5 ord 2 ⊕ ss 3 ord 3 ⊕ ss 2 ord 2 ⊕ ss 3 M [15] ord 3 ⊕ ss 2 (1/4, 3/4) ⊕ ss ord ⊕ (1/4, 3/4) ss 5 m = 9 p 1 mod 9 2, 5 mod 9 4, 7 mod 9 8 mod 9
ord 5 ⊕ ss 2 ss 7 ord ⊕ ss 6 ss 7
By Example 4.11, for M [19] : (5) (3, 7) , (4, 6), (5) (3, 5, 6, 6) (1,1,0,1,0,0,2,0,1 
(2), (4), (5, 11) (3, 9), (2, 10) (4, 8), (6), (7, 11) , (9) (6), (8), (10) (5, 7), (6) (4,6,7,7) (1,1,0,1,0,0,2,0,1,0,1 We now compute all PEL-decomposable Newton polygons for families M [15 − 20] from [21, Table 1 ]. As described in Remark 5.4, a PEL-decomposable Newton polygon arises from an admissible degeneration of the inertia type a into two inertia types α 1 and α 2 ; these are listed in the fourth column of the table in Lemma 6.4. After some permutation of {a(i)}, these have the form α 1 = (a(1), . . . , a(t), a(0 (9, 5, 6) M [19] 9 (3, 5, 5, 5) (3,5,1) + (8, 5, 5) (11, 6, 7) ord 4 ⊕ ss 3 , p ≡ 7; ss 7 , p ≡ 11
APPLICATIONS
The method of the previous sections produces numerous Newton polygons and mod p Dieudonné modules that occur for the Jacobian of a smooth curve. In Section 7.1, we collect a list of these, focusing on the ones which are new, and prove a result about curves of arbitrary large genus whose Newton polygon has slopes 1/6, 5/6. In Section 7.2, for an infinite sequence of g ∈ N and a set of primes of density 1/2, we produce an explicit family of smooth curves of genus g such that the multiplicity of the slope 1/2 in the Newton polygon is at least 4 √ g. • when g = 7, p ≡ 2 mod 3, from M [19, 20] .
Proof. The results appear in Section 6 in the basic loci of families. By Proposition 5.6, for p sufficiently large in each congruence class, each of the supersingular Newton polygons above appears as the Newton polygon of the Jacobian of a smooth curve.
Remark 7.2.
(1) In Theorem 7.1, we could also include: genus 4 when p ≡ 2 mod 3 from M [12 − 13] or p ≡ 2, 3, 4 mod 5 from M [11] ; and genus 6 when p ≡ 2, 3, 4 mod 5 from M [18] . We do not include these cases since they already appear in [18, Theorem 1.1] for all p satisfying the congruence condition.
(2) We would like to thank Voight and Long for pointing out that the genus 6 case of Theorem 7.1 can likely also be proven (without the hypothesis that p is sufficiently large) using truncated hypergeometric functions.
We collect new examples of Newton polygons and Dieudonné modules from the µ-ordinary locus. The two Newton polygons with * appear earlier in [3, 24] . Proof. These Newton polygons appear in basic loci cases from Section 6 under the given congruence conditions. By Lemma 6.4, these cases are PEL-indecomposable. Thus, by Proposition 5.3, they occur for Jacobians of smooth curves. 
Proof. 
A non-special family.
Let QR (resp. QNR) be an abbreviation for quadratic residue (resp. non-residue). 
Proof. Let n ∈ (Z/mZ) * . Since the inertia type α m consists of all the QRs, by (2.4), there exist c 1 , c 2 ∈ Z >0 such that f(τ n ) = c 1 when n is a QR and f(τ n ) = c 2 when n is a QNR. Since m ≡ 3 mod 4, exactly one of n and −n is a QR.
Since p is a QNR in (Z/mZ) * , each orbit o has the same number of QRs and QNRs. By §4.2, s(o) = 2, E(0) = c 1 + c 2 , E(1) = max{c 1 , c 2 } and E(2) = min{c 1 , c 2 }. By (4.1)-(4.2): In the first few examples, the multiplicity of the slope 1/2 in the Newton polygon matches the lower bound (m − 1)/2. Example 7.9. When m = 7 and a = (1, 2, 4) , then c 1 = 1 and c 2 = 0. Thus, for p ≡ 3, 5, 6 mod 7, the Newton polygon is ss 3 . In this section, we study the basic locus of a certain type of unitary Shimura variety. Under some natural restrictions on the prime p, we prove that the number of irreducible components of the basic locus of its reduction modulo p is unbounded as p goes to ∞. 8.1. Notation. Let E be a CM field, Galois over Q, and F its maximal totally real subfield. Recall from Section 3.1, that V = Q 2g has a standard symplectic form Ψ. There is an action of E on V which is compatible with Ψ. In other words, if we view V as an E-vector space, the symplectic form on V naturally induces an E/F-Hermitian form ψ on V.
Using the notation in Section 3.2, we consider the PEL-Shimura datum (H B , h) for B = E. In the following, we write G = H E . Modulo the center G m in GSp(V, Ψ), the reductive group G over Q is Res For any rational prime p, we fix a prime p of E above p. In the following, with some abuse of notation, we still denote by p the corresponding primes of F and of the reflex field. We write A f for the finite adeles of Q. Let K ⊂ G(A f ) be an open compact subgroup, and denote by Sh(G, h) the associated Shimura variety of level K. Assume p is unramified in E, and 
